94                           IX. THERMODYNAMIC POTENTIALS.
99.  Number of Arbitrary Constants in the Potentials.   The energy and entropy of a system each involve an unknown arbitrary constant dependent  on the fact  that we  are only able to take cognisance of changes of their values and that we cannot form a definite conception of a state of zero energy or entropy.
Consequently the thermodynamic potentials in which the temperature is an independent variable contain two arbitrary constants entering in the form a + 1) T.
If we agree to choose an arbitrary zero of energy and entropy, i. e. to make the entropy and energy zero in a state which is capable of experimental .realisation, the constants disappear.
Whether a state at absolute zero of temperature can be taken as that of zero entropy depends on whether the heat capacity tends to a finite limit or to zero as the temperature approaches zero. If the former the entropy at absolute zero will be minus infinity.
100.    Connection   with   available   energy;   Helinholtz's   "Free Energy".     If we  compare  the  expressions   for $V and Q> with the expressions of §§ 90,91 we see that by a proper choice, of the arbitrary constants mentioned   above £n/  becomes the   available energy of the system in the presence of a medium of the same temperature  as itself] and $P becomes its available energy in the presence of a medium of the same temperature and pressure as itself.    The difference is that in §§ 90, 91 we do not necessarily suppose the temperature and pressure of the system to  be the same  as those of the medium,  so that our expressions there   obtained are   of a more general  character.    When the system has come into a state of equilibrium with the surrounding medium its available  energy will be  equal to $y or $p as the case may   be1), , or   will   differ   from   these   functions   by   the   arbitrary constants a + 1) T.
In the case of a compound system, a method of proof identical with those of §§ 90, 91 shows that the available energy relative to a medium jT0 is of the form
or
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1) This statement leads to little difficulty in connection with §§ 90, 91 in which we have assumed the zero of available energy to be obtained when the temperature (and pressure) of the system are the same as those of the medium. The fact is that many writers have deduced the conditions of thermodynamic equilibrium from the consideration of isothermal displacements alone, and for such displacements the thermodynamic potentials sufficiently determine the variations of available energy (or "free energy11 in the sense adopted by Helmholtz).